Altered Gene Expression in Melanocytes Exposed to 4-Tertiary Butyl Phenol (4-TBP): Upregulation of the A2b Adenosine Receptor1  by Yang, Fan et al.
Altered Gene Expression in Melanocytes Exposed to 4-Tertiary
Butyl Phenol (4-TBP): Upregulation of the A2b Adenosine
Receptor1
I. Caroline Le Poole, Fan Yang,* Thomas L. Brown,† Jim Cornelius,‡ George F. Babcock,‡ Pranab K. Das,§
and Raymond E. Boissy*
Department of Pathology, Loyola University Stritch School of Medicine, Maywood, Illinois, USA; *Department of Dermatology, University of
Cincinnati, Ohio, U.S.A.; †Department of Microbiology and Immunology, Wright State University School of Medicine, Dayton, Ohio, U.S.A.;
‡Shriners Burns Institute, Cincinnati, Ohio, U.S.A.; §Departments of Dermatology and Pathology, Amsterdam University, The Netherlands
Exposure to phenolic agents contributes to the identified as the A2b receptor (a P1 receptor for adeno-
sine). Differential expression of this gene was con-development of occupational vitiligo. Proposed as a
firmed in an RNase protection assay. By reversecausative factor for leukoderma in vivo, the para-
transcription–polymerase chain reaction, the gene wassubstituted phenol 4-tertiary butyl phenol was chosen
shown to be expressed in keratinocytes and fibroblaststo investigate early cellular events responsible for
as well. Flow cytometry confirmed differential expres-selective disappearance of melanocytes from the epi-
sion in melanocytes and fibroblasts, but not indermis of individuals sensitive to such agents. To this
keratinocytes. Interestingly, it has been reported thatend, differential display of melanocyte mRNA isolated
P1 purinoceptor stimulation can induce apoptosis.from three separate cultures was performed following
This is in concordance with results reported elsewherea 12 h exposure of cells to 250 mM 4-tertiary butyl demonstrating induction of apoptosis by 4-tertiary
phenol or to vehicle alone. Fragments of cDNA repre- butyl phenol in human melanocytes, as well as with
senting differentially expressed messages were cloned morphologic changes observed in this study in cells
and subsequently confirmed by reverse dot blotting. exposed to 250 mM 4-tertiary butyl phenol for 72 h. In
Alignment analysis revealed that the L30 ribosomal conclusion, differential display is useful to establish
protein was upregulated by the treatment, potentially melanocyte components involved in the cellular
reflecting altered levels of protein synthesis in response response to phenolic agents. Key words: apoptosis/bleach-
to stress. In addition, a gene sequence upregulated ing agents/differential display/occupational vitiligo. J Invest
Dermatol 113:725–731, 1999following exposure to 4-tertiary butyl phenol was
B compounds share a structural similarity to tyrosine, the naturalsubstrate for the melanocyte-specific enzyme tyrosinase. This is therate-limiting enzyme involved in melanogenesis, and as such it isprimarily responsible for human skin pigmentation. It has beensuggested that bleaching agents will serve as an alternative substrate
for tyrosinase leading to the formation of cytotoxic products
leaching agents are commonly applied to treat hyper-
pigmented human skin. In melasma, this treatment
can correct focal hyperpigmentation by inhibition of
melanin pigmentation (Grimes, 1995). Treatment with
bleaching agents can also serve to depigment areas by
destruction of melanocytes in individuals with systemic vitiligo
exclusively in melanocytes (McGuire and Hendee, 1971; Searlewhen repigmentation is no longer a realistic treatment option
and Riley, 1979; Naish-Byfield et al, 1991; Riley, 1998). Utilizing(Halder and Nordlund, 1998).
this selective cytodestructive mechanism has been proposed as anCompounds with known bleaching effects include hydroxy-
antimelanoma therapy (Jimbow et al, 1989; Mascagna et al, 1992).quinone, 4-hydroxyanisole, hydroquinone, monobenzone,
At high doses and with prolonged treatment periods, it appears4-methyl catechol, and 4-tertiary butyl phenol (Riley, 1998). These
that melanocytes are lost from skin treated with bleaching agents
(Jimbow et al, 1974). This situation bears similarity to that observed
in occupational vitiligo, where progressive depigmentation is
Manuscript received July 17, 1999; revised June 18, 1999; accepted for observed following prolonged occupational exposure to phenolic
publication August 5, 1999. compounds (O’Malley et al, 1988). Interestingly, depigmentation
Correspondence: Dr. I. Caroline Le Poole, Loyola University, Cardinal is observed in a subset of individuals presumably due to an inherent
Bernardin Cancer Center, 2160 South First Ave, Maywood, IL 60153- increased sensitivity to these compounds. Synthetic leather, plastics,
5385. Email: ilepool@luc.edu glues, and a variety of germicidal phenolic detergents are natural1Results were presented in part at the VIIIth Annual Meeting of the
sources of 4-tertiary butyl phenol (4-TBP) (Fisher, 1976).Pan American Society for Pigment Cell Research (PASPCR) held in
In all, cellular events contributing to skin depigmentation follow-Aspen, CO (1998)
ing treatment with bleaching agents remain poorly understood. ToAbbreviations: A2bR, A2b adenosine receptor; 4-TBP, 4-tertiary butyl
define further the effects of treatment with bleaching agents onphenol; TRP-1, tyrosinase-related protein-1; BLAST, basic local alignment
search tool. cells of the melanocytic lineage, the response of melanocytes
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to control cells representing treatment with vehicle alone. After 12 h,to treatment with 4-TBP was analyzed. Initially, sensitivity of
adherent cells were washed in Hanks’ balanced salt solution and scrapedmelanocytes to 4-TBP was determined by viability testing and
in Tri-Reagent (MRC, Cincinnati, OH). RNA was subsequently isolatedanalysis of cellular morphology following 4-TBP treatment.
from cultured cells essentially according to Chomczynski (1993).Treatment with phenolic compounds leads to cellular stress, and
RNA was treated with DNase I according to specifications with acan thus be expected to alter gene expression. It has previously MessageClean Kit (GenHunter, Nashville TN) to avoid amplification of
been demonstrated that stress following heat shock, exposure to contaminating DNA in subsequent PCR reactions.
heavy metals, or glucose starvation induces a stressor specific cellular
response including altered levels of protein synthesis (Welch, 1993; Differential display A differential display kit (GenHunter) was applied
for reverse transcription of mRNA and for subsequent PCR amplificationOvelgonne et al, 1995). In this study, the effect of the bleaching
of the generated cDNA (Liang and Pardee, 1992). Based on one-anchoragent 4-TBP on melanocytic cells is further investigated at the
priming, cDNA of each of six RNA samples used is generated in reversemolecular level using differential mRNA display.
transcription reactions by either HindIII-linked T11A, T11C, or T11G asThis method notoriously renders false positives, i.e., cloned
poly(A) complementary primers (Liang et al, 1995). PCR amplification isnucleotide sequences not truly alternately regulated as a consequence performed with the same one-anchor primer in combination with each of
of the treatment under study. Standard methods to confirm differen- 16 HindIII-linked arbitrary 7-mers H-AP1 through H-AP16 according
tial expression require relatively large amounts of RNA, available to the manufacturer’s specifications, the 48 PCR reactions generating
in limited supply from slow growing melanocytes. To overcome approximately 150 separate reaction products each that are highly specific
this limitation, reverse dot-blotting is introduced to confirm initially for the primer combination used (GenHunter).
PCR amplification was performed in the presence of 33P-dATP (NEN,the presence of alternate levels of the message of interest. In this
Boston, MA) and amplification products were displayed on a 6% polyacryl-method, the cloned fragment is blotted on to a membrane in serial
amide buffer gradient gel. The dried gel was exposed to Kodak X-Omatdilutions and probed with a mixture of radiolabeled reverse
XAR-5 film for 16 h. Bands representing mRNA fragments consistentlytranscription–polymerase chain reaction (PCR) products obtained
differentially expressed following exposure to 4-TBP in each of the threewith the same primer combination used for the original display melanocyte cultures used were considered of interest for further analysis.
analysis. The extent of hybridization to the blotted fragment thus In such cases, the RNA was subjected to another round of reverse
represents the amount of the mRNA species present in the original transcription–PCR with the same primer combination to verify differential
sample. Only confirmed mRNA species identified by a BLAST expression.
(basic local alignment search tool) search and deemed to be of
Fragment cloning Differentially expressed cDNA fragments were cutfurther interest to the disease process require further analysis of
from dried acrylamide gels, reamplified with the same primer combination,differential expression, significantly reducing the amount of cellular
checked for correct size on a low-melt agarose gel, isolated from gel, andRNA required.
cloned into a T vector derived from pBluescript SK1 (Stratagene, La Jolla,Detection of cDNA fragments representing messages consistently
CA). To this end, the plasmid was blunt-end restricted by EcoRV (Gibcoaffected in melanocytes by treatment with 4-TBP is described here. Life Technologies) and T-tailed essentially as described previously (Marchuk
For an mRNA species of potential interest to the induction of et al, 1991). PCR fragments were inserted by ligation for 20 h at 16°C.
vitiligo, further analysis of expression at the RNA and protein level Resulting plasmids were transformed into XL1-Blue and positive clones
in melanocytic cells as well as other skin cell types was performed. were recognized as white colonies on X-gal/IPTG coated agar plates.
Plasmids were amplified in bacteria grown in L-broth with tetracycline to
MATERIALS AND METHODS select for the bacterial strain, and with ampicillin to select for presence of
the plasmid. The amplified plasmid was reisolated, and the fragment of
Cell cultivation and melanocyte sensitivity to 4-TBP Pigment cells interest was restricted by HindIII digestion. Vector and fragment were
were isolated from human foreskin with 0.25% trypsin in phosphate- separated by agarose gel electrophoresis, and the fragment was isolated by
buffered saline at 37°C for 2 h. Cells were propagated essentially as a Qiaex II gel extraction kit (Quiagen, Valencia, CA).
described (Boissy et al, 1991; Swope et al, 1995). Briefly, the culture
medium consisted of MCDB-153 (Sigma, St Louis, MO) containing 4% Reverse dot blotting To confirm differential expression of a cloned
fetal bovine serum (Gibco Life Technologies, Grand Island, NY), 0.2% fragment, a technique was applied based on the dot hybridization procedure
bovine pituitary extract (Clonetics, San Diego, CA), 16 nM phorbol (Kafatos et al, 1979). To this end, the fragment was heat-denatured and
12-myristate 13-acetate, 10–8 α-melanocyte stimulating hormone, 1 µg applied to a nitrocellulose membrane in four spots of 10 µl in concentrations
transferrin per ml, 1 µg vitamin E per ml, 5 µg insulin per ml, 0.6 ng ranging from 5 ng to 5 pg per spot. Fragments were ultraviolet cross-
basic fibroblast growth factor per ml (Sigma), and antibiotics. Contaminating linked to the membrane. The PCR reaction was repeated with reverse
fibroblasts were removed by 0.1 mg per ml geneticin treatment (also transcribed mRNA from two samples representing melanocytes treated
known as G418, Gibco), making use of the relative insensitivity of with vehicle alone or with 250 µM 4-TBP for 12 h. The fragments
melanocytes to this antibiotic compound (Halaban and Alfano, 1984). Cells generated in this PCR reaction were 32P-dATP labeled. PCR fragments
were routinely split 1:2 at confluence. Neonatal melanocyte cultures . 20 nucleotides in length were separated from unincorporated nucleotides
participating in differential display were HM53P24 (caucasian), HM63P8 and short fragments using a BioSpin 30 chromatography column. Samples
(caucasian), and HM64P26 (black). were denatured and added in 1 3 hybridization buffer (Sigma) to the
To test melanocytes of different pigmentation backgrounds for sensitivity southern dot-blots exposed to prehybridization buffer (Sigma) for 3 h prior
to 4-TBP, 8 3 104 cells per cm2 from three caucasian and three black to hybridization. After incubation O/N at 42°C, the blots were washed
neonatal donors were seeded in six well plates and allowed to adhere in 2 3 saline-sodium phosphate-ethylenediamine tetraacetic acid with
overnight. Dissolved in 70% ethanol, 4-TBP was added in concentrations 0.1% sodium dodecyl sulfate at room temperature and at 42°C for 30 min
ranging from 0 to 750 µM 4-TBP. Seventy-two hours following addition, each. The blots were subsequently exposed to Kodak-XR film and
trypsinized viable cells were counted with a Coulter counter. The percent- developed after 76 h. Increased hybridization to dots generated with the
age of viable cells was determined for all concentrations of 4-TBP as same concentration of plasmid DNA indicates the presence of a larger
compared with added vehicle alone. amount of PCR-amplified cDNA of interest in the sample under study.
Keratinocytes were isolated from skin specimen by thermolysin 0.5 mg An aliquot of the labeled sample was loaded on to a 6% sodium dodecyl
per ml treatment overnight at 4°C to split the epidermis from the dermis sulfate–polyacrylamide gel to verify PCR amplification.
and by subsequent incubation of the epidermis in 0.1% trypsin at 37°C
for 20 min. Cells were maintained in Medium154 with HKGS supplements Fragment identification The cloned cDNA fragments of interest were
(Cascade Biologics, Portland, OR) and antibiotics. subsequently sequenced at the DNA core facility of the University of
Fibroblasts were propagated from the dermis of similar specimen by Cincinnati by automated sequencing using fluorescent dye terminator.
incubation in Dulbecco’s minimal essential medium (Gibco) with 10% fetal Labeling and analysis made use of M13 forward and reverse primers
bovine serum and antibiotics. Lightly pigmented melanoma cell line M14 annealing to sites flanking the cloned fragment of interest in pBlueScript.
was maintained in the same medium. The sequences generated were compared with sequences available within
the NIH Entrez-database by BLAST programmature.
RNA isolation When required, cells were pretreated with 4-TBP as
follows. At 80% confluence, 250 µM 4-TBP was added to melanocytes Reverse transcription–PCR To analyze expression of the adenosine
receptor 2b in diverse skin cells, reverse transcription–PCR was performedfor 12 h prior to RNA isolation. Alternatively, 0.07% ethanol was added
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as follows. RNA (2–5 µg) isolated from cultured skin melanocytes, skin
keratinocytes, and skin fibroblasts as well as from melanoma cell line M14
was combined with PCR buffer (Perkin-Elmer, Norwalk CT), Superscript
reverse transcriptase 200 U (Gibco), 5 mM MgCl2, 4 mM nucleotides
(Gibco), 25 µM T12–18 oligodT primer (Gibco), and 40 U RNAsin RNase
inhibitor (Promega, Madison, WI) and maintained at 42°C for 60 min.
The reaction was terminated at 95°C for 10 min. Twenty-five percent of
the reverse transcription reaction mixture was subsequently amplified in
presence of PCR buffer, 1 mM MgCl2, and 5 U AmpliTaq (Perkin-Elmer)
and 0.1 ng per µl each forward primer 59CGCCCACCAACTACTTC39
and reverse primer 59GCCACCAGGAAGATCT39. PCR amplification
was performed as a hot start, followed by 35 amplification cycles for 1 min
at 94°C, 1 min at 58°C, and 2 min at 72°C, ending with 10 min at 72°C.
PCR products were subsequently electrophoresed together with a 0.1 kB
DNA marker (Gibco) in a 1% agarose gel run in Tris-acetate-ethylenedi-
amine tetraacetic acid buffer in presence of ethidium bromide. The resulting
cDNA fragment from the coding region of the A2bR has an expected
length of 507 nucleotides.
RNase protection assay For further analysis of differential expression
of the adenosine receptor 2b in 4-TBP-treated melanocytes at the RNA Figure 1. Sensitivity of melanocytes to 4-TBP. Viability of cells
level, an RNase protection assay was performed. To this end, plasmid exposed to 4-TBP for 72 h in concentrations denoted on the x-axis
pHβAPr-1-neo containing human A2bR cDNA (a kind gift from Dr. compared with exposure to vehicle alone (100% cell viability). Results
Linda Thompson, Oklahoma Medical Research Foundation, Oklahoma depict the outcome of a representative experiment.
City, OK) served as a template for PCR amplification in the presence of
the same primers employed for reverse transcription–PCR, using similar
PCR conditions (Puffinbarger et al, 1995). The resulting fragment was (bit maps) were set to include intact cells, and exclude cell debris. A
cloned into a T vector and used to transform bacteria as described minimum of 10,000 cells was counted within the gated region. Green
for differentially expressed fragments. Following plasmid isolation from fluorescence was quantified after passing the signal through a 525 6 nm
successful transformants, the orientation of the fragment within the resulting bandpass filter with 4 decade log amplification. Histograms were analyzed
plasmid was determined by restriction analysis using EcoRI and HindIII to by Coulter SL software. As a control staining, MEL-5 anti-serum against
release the fragment, in combination with BglII for which one restriction TRP-1 (Signet Laboratories, Dedham, MA) was employed at 1:20 as a
site is found within the forward primer of the PCR fragment. Subsequently, primary antibody on unfixed melanocytes followed by biotinylated anti-
EcoRI or HindIII digested plasmid was used for in vitro transcription of mouse immunoglobulin 1:200 (Dakopatts), and fluorescein isothiocyanate-
sense and anti-sense fragments, respectively. To this end, 20 units of T7 labeled avidin 1:500 for 1 h each at 4°C.
or T3 RNA polymerase (Promega) were used to transcribe 1 µg of
linearized plasmid in presence of RNase inhibitor, nucleotides and 32P- RESULTS
CTP (ICN) according to the manufacturer’s instructions for the Riboprobe
Sensitivity to 4-TBP In Fig 1, sensitivity of neonatal melanocyteT3/T7 In Vitro Transcription System (Promega). Transcription was carried
out at 30°C for 2 h to ensure full-length transcripts. Resulting probes cultures to 4-TBP is shown. Insignificant differences in sensitivity
were phenol–chloroform extracted and separated from unincorporated to 4-TBP were observed among individual cell cultures. No
nucleotides using BioSpin 30 Chromatography columns (BioRad). Tri- significant differences were found in the sensitivity of caucasian as
chloroacetic acid-precipitable counts of probe (2 3 107 cpm) were added opposed to black melanocytes for the six cultures included in this
to either 20 µg of M14 melanoma cell-RNA or 10 µg of HM71P12 RNA representative experiment. On average, 50% of melanocytes survivefrom melanocytes treated with or without 4-TBP. Concentration and
after treatment with 500 µM 4-TBP for 3 d. Half of thisintegrity of the RNA used were analyzed by spectrophotometric analysis
concentration added for 12 h was thus chosen to examine the earlyat 260/280 nm and agarose gel electrophoresis. Following denaturation at
response of melanocytes to 4-TBP.85°C for 5 min, hybridization was carried out for 16 h in presence of 80%
Morphology of cultured cells exposed to 250 µM 4-TBP isdeionized formamide (Sigma), 0.4 M NaCl, 1 mM ethylenediamine
tetraacetic acid and 40 mM Piperazine-N,N9-bis[2]-ethane-sulfonic acid shown in Fig 2. Perinuclear vacuolization, dendrite retraction, and
(PIPES, Sigma) pH 6.4 at 48°C. Subsequently, nonhybridized RNA was cellular detachment were observed as obvious features of the
removed by 30 U of T1-RNase at 30°C for 1 h. morphologic response to the treatment at the light microscopic level.
The product was phenol–chloroform extracted and ethanol precipitated,
and dissolved in loading buffer. The hybridization product was loaded on Differential display Bands representing RNA species differenti-
to a 6% polyacrylamide sequencing gel. Following electrophoresis, the gel ally expressed in melanocytes from all donors were chosen for further
was dried and exposed to Kodak X-Omat 5AR film at –80°C. The probe analysis. Sixteen bands were initially selected from differential display
was loaded on to the gel to indicate the expected length of the hybridization gels. Of these, five were confirmed, cloned and sequenced following
product. Probe hybridized in absence of complementary RNA served as a a second round of reverse transcription–PCR. These fragments arenegative control, as did hybridization to the sense probe. The intensity of
shown in Fig 3 and in Table I, together with the identity of twothe resulting band of proper length reflects the amount of A2bR-mRNA of the corresponding cDNA sequences as identified by a gappedpresent in the original sample.
BLAST-search. Reverse dot blotting confirmed differential expres-
sion of all five messages as shown in Fig 4. Two previouslyFlow cytometry Adherent cells were removed by scraping in culture
identified mRNA species encode ribosomal protein L30 and themedium, pelleted and washed in Hanks’ balanced salt solution. Cells
A2b adenosine receptor (A2bR); the other three fragments do not(25 3 104) were prefixed in 1% paraformaldehyde in phosphate-buffered
correspond to previously identified genes.saline for 20 min at 4°C, and incubated with the primary chicken A2b
receptor IgY antiserum 1:20 in 1% bovine serum albumin, 0.02% sodium The BLAST search also revealed a stretch of 17 nucleotides from
azide in phosphate-buffered saline. The A2b receptor chicken IgY antiserum fragment VII homologous to cDNA encoding human dihydro-
was a very kind gift from Dr. Linda Thompson, Oklahoma Medical pteridine reductase. Fragment XXVIII contained a long stretch of
Research Foundation (Oklahoma City, OK) (Puffinbarger et al, 1995). nucleotides representing a repetitive ALU sequence. The remainder
After a 1 h incubation at 4°C cells were washed and incubated in fluorescein of the sequence did not show significant homologies to known
isothiocyanate-labeled rabbit antichicken antiserum 1:80 (Sigma). The sequences. Fragment XXXVI was found to encode a large part ofpercentage of cells expressing the receptor prior to and following expression
the THE1B repeat region as also found in the human monoamineto 4-TBP was determined by comparing fluorescence intensities in presence
oxidase B (MAOB) gene encoded by chromosome Xp11, yet aand absence of the primary antibody by a Coulter EPICS XL fluorocyto-
similar extent of homology was detected to genes encoded elsewheremeter (Coulter, Hialeah, FL). Forward angle light scattering and 90° light
scattering as well as green fluorescence were quantified. Electronic gates in the genome.
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Figure 2. Melanocyte morphology following
4TBP exposure. Melanocytes exposed to (a) vehicle
alone or (b) 250 µM 4-TBP for 72 h. Dendrite
retraction (*), perinuclear vacuolarization (ç) and cell
detachment (.) noted in cells treated with 250 µM
4-TBP for 72 h. Scale bar: 60 µm.
Figure 3. Differential expression of 39 cDNA
fragments from Table I. Samples were derived
from three separate donors (a–c) treated without (–)
and with (1) 4-TBP. Small holes visible were made
to localize the fragments on the original dried gel for
re-isolation of the fragments.
Table I. Differentially expressed cDNA fragments
Upregulated (↑) or
Name downregulated (↓) Primers used Length (bp) Identity Sa E-valueb
VII ↓ HT11A/HAP7 108 –
XV ↑ HT11C/HAP4 221 human L30 369 e–100
XXVIII ↓ HT11G/HAP4 193 –
XXXV ↑ HT11A/HAP10 276 ADORA 2B 531 e–149
XXXVI ↑ HT11A/HAP10 108 –
aS 5 the bit-score, which defines the score independent of the scoring system applied.
bE-value 5 the ‘‘expect-value’’, estimating the number of matches with given S to be expected by chance alone in the database used.
Flow cytometry Mean fluorescence intensities (MFI) for A2bR melanoma cells is shown by size fractionation of reverse transcrip-
tion–PCR products in an agarose gel. A band of expected sizestaining in presence and absence of 4-TBP as observed in a
representative experiment have been displayed in Table II. A (507 nt) is visible in every lane, demonstrating A2bR mRNA
expression in all samples tested.population representing 91.1% of melanocytes, 68.4% of fibroblasts,
and 66.4% of keratinocytes analyzed in this study were found to
RNase protection Figure 6 depicts increased expression of thebe reactive with the A2bR antibody prior to 4-TBP treatment. human A2bR in melanocytes following 4-TBP treatment by anThe MFI of melanocytes and fibroblasts reactive with the primary
RNase protection assay. At the exposure time shown, the A2bRantibody in this representative experiment increased by 22 and
band observed in the sample representing RNA isolated from 4-10%, respectively, whereas keratinocyte staining did not increase
TBP-treated HM71 melanocytes is not observed in untreated cells,following 4-TBP treatment.
supportive of an increased A2bR mRNA concentration in 4-TBPFollowing 4-TBP treatment, staining by the primary antibody
treated cells. The figure also shows that only a fraction of theto TRP-1 of melanocytes treated without and with 4-TBP increased
labeled anti-sense probe was protected from RNase digestion byin MFI by 50%, from 0.6 to 0.9. Thus, the amount of TRP-1 per
hybridization to A2bR mRNA, as loading of 1:100 dilutions ofcell was increased following 4-TBP treatment.
undigested probes clearly demonstrates. Comparable results were
obtained using melanocyte RNA isolated from another donorReverse transcription–PCR In Fig 5, expression of A2bR in
keratinocytes, fibroblasts, and melanocytes as well as in M14 (results not shown).
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Figure 4. Reverse dot-blots confirming differential expression of mRNA fragments. Hybridization of cDNA fragments amplified in presence
of 32P-dATP to cloned fragments in concentrations of 5 ng, 0.5 ng, 50 pg, and 5 pg (numbered 1–4, respectively) to confirm differential expression.
Labeled samples were prepared using RNA isolated from cells derived from the same donor treated without (–) or with (1) 250 µM 4-TBP for 12 h.
Table II. Fluorocytometic analysis of A2bR expression
aDISCUSSION
The concentration-dependent cytotoxic effect of 4-TBP added Cells –4-TBP 14-TBP
to cultured human melanocytes for 72 h revealed an LD50 of
Melanocytes 91.1% 94.8%approximately 500 µM. Interestingly, this effect was found to be
MFI 1.06 MFI 1.24independent of the pigmentation grade of the cells. This appears
Fibroblasts 68.4% 71.2%to be in conflict with the hypothesis that 4-TBP is selectively
MFI 4.49 MFI 4.93cytotoxic to melanocytes as a consequence of its structural similarity
Keratinocytes 66.4% 65.9%to the natural substrate for tyrosinase, yielding more cytotoxic MFI 9.15 MFI 6.94
reaction product in cells where tyrosinase is more abundant. Such
discrepancy may be explained by the fact that in heavily pigmented aPercentages represent the subpopulation of cells expressing the receptor.
cells more melanin is present to scavenge concurrently eventual
cytotoxic reaction products. Thus, within the melanocyte a balance
appears to exist between cytotoxicity of intermediates generated
during melanin synthesis and the ability to scavenge these inter-
mediates by the melanin generated.
From morphologic analysis of melanocytes following prolonged
exposure to 4-TBP in doses representing half of the concentration
inhibiting cell viability by 50%, it was apparent that decreased
viability was caused at least in part by cellular events suggestive of
melanocyte apoptosis. Melanocyte apoptosis is likely to contribute
to skin depigmentation in vitiligo.2 Importantly, recent investig-
ations have provided support to the involvement of melanocyte
apoptosis in occupational/contact vitiligo following exposure to
4-TBP.3
To elucidate further early events in the cellular defense to
compounds considered causative to depigmentation in occupational
vitiligo, initial changes in gene expression following exposure to
4-TBP were examined at the RNA level. Without prior supposition
as to the nature of proteins upregulated by 4-TBP treatment,
differential display was applied to analyze genes alternately expressed.
The proteins encoded by differentially expressed messages defined
by fragments XV and XXXV were revealed by a BLAST search
as being the A2bR and the L30 ribosomal protein. The reverse
Figure 5. A2bR mRNA expression in skin cells demonstrated bydot-blot procedure proved very helpful to confirm differential
reverse transcription–PCR. Expression of mRNA encoding the A2bRexpression and cloning of the correct cDNA fragment further. It
observed in keratinocytes (K), fibroblasts (F), melanocytes (M), and M14may be hypothesized that regulation of the accompanying proteins melanoma cells as evidenced by gel electrophoresis of reverse transcription–
may be altered in individuals prone to develop occupational vitiligo. PCR products. The A2bR fragment amplified has an expected size ofIndeed the A2bR, expressed to a different extent in cells of differing 507 bp. Marker lane: 100 bp ladder.
developmental lineage and shown to be upregulated by 4-TBP
treatment here, is potentially involved in the etiology of depig- part of the coding region of the gene, differential expression inmentation. The A2bR is encoded by human chromosome 17p12 melanocytes following 4-TBP treatment was confirmed by RNase(Jacobson et al, 1995). Using an anti-sense probe hybridizing to protection. Differential expression was also confirmed at the protein
level by flow cytometry, for melanocytes as well as for fibroblasts.
With respect to the MFI noted following 4-TBP treatment it must2Van den Wijngaard R, Aten J, Scheepmaker A, et al: Melanocyte anti- be noted that at the protein level, increased receptor turnover mayoxidant defense and immune infiltrates in vitiligo. Pigment Cell Res S5:26,
partially obscure accelerated receptor genesis.1996 (abstr.)
A1, A2, and A3 receptors bind adenosine with different affinities,3Yang F, Le Poole IC, Medrano EE, Boissy RE: The cytotoxicity and
whereas the A2bR subclass was designated according to its abilityapoptosis induced by 4-tertiary butylphenol in human melanocytes is
independent of tyrosinase activity. J Invest Dermatol, accepted to stimulate adenyl cyclase (Feoktistov and Biaggioni, 1997). The
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correlate well with the fact that keratinocytes appear markedly less
sensitive to 4-TBP in cytotoxicity assays and may help to explain
the selective loss of melanocytes from the epidermis.3
Interestingly, flow cytometric analysis performed to confirm
differential expression of the A2bR at the protein level provided
the serendipitous observation that TRP-1 expression was increased
following 4-TBP treatment as well. The potentiating role suggested
for TRP-1 in melanogenesis, in particular in support of the
tyrosine hydroxylase activity of tyrosinase, may explain the observed
upregulation as more TRP-1 may be required to catalyze the
alternative tyrosinase substrate in addition to tyrosine (Zhao et al,
1994, 1996).
Ribosomal proteins, such as the L30 protein upregulated here,
may be representative for the overall levels of protein synthesis in
stressed cells and are not necessarily specific for the process under
study (Johnson, 1993).
As a consequence of the primer combinations used, differentially
expressed fragments contain noncoding 39 mRNA sequences.
These sequences frequently contain repetitive elements that are not
specific for a given messenger species. Consequently, in two of the
five cloned fragments (XXVIII and XXXVI), the search for evident
homology was not conclusive.Figure 6. RNase protection assay of A2bR expression. ‘‘AS-Probe
1:100’’ and ‘‘S-Probe 1:100’’: One microliter of 1:100 dilutions of anti- Although the significance of the partial homologies found for
sense (AS) and sense (S) probes loaded in the outer lanes of sequencing fragments VII and XXXVI is debatable, the potential functional
gels. ‘‘AS-Probe 1 M14 RNA’’ and ‘‘S-Probe 1 M14 RNA’’: Slightly relationship of the differentially expressed fragments to partially
smaller nucleotide fragments (following RNase digestion of nucleotides homologous genes is intriguing. One can speculate that partial
from within the plasmid that cannot hybridize with the A2bR mRNA) homologies are suggestive of mechanisms by which the underlyingvisible following hybridization of control M14 RNA to the anti-sense
genes can contribute to the etiopathogenesis of depigmentation.probe, but not to the sense probe. ‘‘AS-Probe-RNA’’ and ‘‘S-Probe-
In this respect, the gene encoding fragment VII revealed partialRNA’’: Complete digestion of either probe in absence of complementary
homology to dihydopteridin reductase mRNA. Non-homologousmRNA. ‘‘AS-probe 1 RNA (–4-TBP)’’ and ‘‘AS-probe 1 RNA
regions demonstrate that the fragment is not identical to dihydro-(14-TBP)’’: Nucleotide fragments preserved following hybridization to
melanocytes treated without or with 4-TBP, indicating the relative pteridin reductase mRNA; however, the probability of such homo-
abundance of A2bR mRNA. logy occurring by chance is remote. Consequently, the homology
is suggestive of differential expression of a gene similar to that
encoding dihydropteridin reductase. The latter enzyme was pre-human and mouse A2bR are 86% homologous (Feoktistov and
Biaggioni, 1997). This extent of sequence conservation, in addition viously reported to be differentially expressed in melanocytes
following ultraviolet B irradiation and is considered a majorto noted similarity in pharmacologic profiles underscores the
importance of the A2bR for cell functioning. Expression of the regulator of tetrahydrobiopterin abundance (Schallreuter et al,
1994a; Vogt et al, 1997). Moreover, involvement of tetrahydrobiop-receptor in melanocytes as well as in fibroblasts and in keratinocytes
as demonstrated here is supportive of this notion. Interestingly, it terin dysregulation in vitiligo has been proposed (Schallreuter
et al, 1994b).has been shown that adenosine secretion is increased under stress
(Chow et al, 1997). Moreover, evidence has been presented in Fragment XXXVI revealed 88% homology over a stretch of 99
nucleotides to the gene encoding monoamine oxidase B, albeit insupport of the cytotoxic effects of adenosine, which appear to be
mediated through apoptosis (Chow et al, 1997). Apoptosis induced theTHE1B repetitive sequence removed from the coding region
for the enzyme. Although the differentially expressed sequence isby adenosine has been shown to affect a plethora of cell types,
including cells of the nervous system (Abbracchio et al, 1995; thus not identical to MAO-B, this homology may be of some
interest as inhibition of MAO-B was suggested to protect neuronalWakade, 1995). The receptor or receptors for adenosine responsible
for its cytotoxic effect have not yet been determined. It is cells from oxidative stress (Napolitano et al, 1995). Moreover,
participation of the closely related form of the enzyme MAO-A innoteworthy, however, that the purinoceptor agonist 59-N-ethylcar-
boxamidoadenosine, supposedly the most potent A2bR agonist, has vitiligo pathogenesis has been suggested (Schallreuter et al, 1996).
Primer combinations used in the present study may be expectedbeen mentioned among compounds inducing thymocyte apoptosis
and the contribution of adenosine to lymphocyte deactivation to reveal more genes differentially expressed as a consequence of
4-TBP treatment than the five reported here. The number is aappears to be mediated by A2bR (Kizaki et al, 1990; Feoktistov
and Biaggioni, 1997; Mirabet et al, 1999). It can thus be hypothes- direct consequence of the heavy scrutiny imposed on mRNA
species that are labeled differentially expressed in this study, toized, that the higher density of A2bR expressed by melanocytes
following 4-TBP treatment, in combination with potentially minimize generation of false positive clones.
In future studies, these and other cDNA fragments representingincreased levels of extracellular adenosine, may contribute to
melanocyte apoptosis. Fibroblasts, which are similarly sensitive to differentially expressed messages can be revealed using more primer
combinations. Moreover, revealing the complete mRNA sequence4-TBP treatment and also upregulated expression of A2bR in this
study, may not be affected by 4-TBP application to the skin in vivo of fragments not identified by a BLAST search through screening of
a melanocyte cDNA library is the subject of ongoing investigations.merely as a consequence of their distant localization.3 In contrast,
the receptor appeared downregulated in keratinocytes following 4- In conclusion, differential display provides an invaluable tool to
elucidate the effects of bleaching agents on melanocytes. FurtherTBP treatment. This is of particular interest as keratinocytes appear
to express more A2bR than melanocytes. It is thus likely that, investigations can aid in unraveling the cellular defense mechanisms
and events involved in skin depigmentation as observed in occupa-following 4-TBP treatment, less adenosine will bind to keratinocytes
as a consequence of receptor downregulation. Given the relative tional/contact vitiligo.
abundance of keratinocytes in the epidermis, significantly more
adenosine is then available to bind to melanocytes expressing
increased A2bR density levels. Thereby the effect of 4-TBP on Financial support for this investigation from the Dutch Organization for Scientific
Research (NWO), Unilever Research U.S., Inc and the Dermatology Foundationdepigmentation may be further augmented in vivo. These results
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